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7KH ZLGHVSUHDG H[LVWHQFH RI ZLQJ SRO\PRUSKLVPV
LQ GLIIHUHQW LQVHFW VSHFLHV LPSOLHV WKDW WKHUH DUH
WUDGHRIIV EHWZHHQ GLVSHUVDO DELOLW\ DQG
FRPSRQHQWV RI ILWQHVV +DUULVRQ  )XOO\
ZLQJHG LQGLYLGXDOV EHQHILW IURP WKH DELOLW\ WR
FRORQL]H QHZ DUHDV WKURXJK ERWK ORQJ GLVWDQFH
PLJUDWLRQ DQG KDELWDW KRSSLQJ ZLWKLQ D
KHWHURJHQHRXV HQYLURQPHQW )OLJKW LV WKRXJKW WR
IDFLOLWDWH WKH VHDUFK IRU IRRG DQG PDWHV HVSHFLDOO\
ZLWKLQSDWFK\HQYLURQPHQWV
+RZHYHU WKH DELOLW\ WR IO\ PD\ FDUU\ DVVRFLDWHG
ILWQHVV FRVWV 7KLV K\SRWKHVLV KDV EHHQ VXSSRUWHG
E\ QXPHURXV VWXGLHV WKDW FRPSDUHG ILWQHVV
FRPSRQHQWV EHWZHHQ IHPDOH ZLQJ PRUSKV
6SHFLILFDOO\ WKH PDLQWHQDQFH RI IOLJKW DSSDUDWXV LV
HQHUJHWLFDOO\ H[SHQVLYH UHTXLULQJ WKH DOORFDWLRQ RI
UHVRXUFHV WKDW FRXOG EH XVHG IRU UHSURGXFWLRQ
)OLJKWOHVV IHPDOHV RIWHQ KDYH HQODUJHG RYDULHV
HDUOLHU RYDULDQ GHYHORSPHQW DQG UHGXFHG VWRUHV RI
IOLJKW IXHOV =HUD DQG 'HQQR  ,W LV DOVR OLNHO\
WKDW GLVSHUVHUV KDYH KLJKHU PRUWDOLW\ LQ QDWXUDO
FRQGLWLRQV :DUG HW DO  ,QGLYLGXDOV WKDW
PLJUDWH HVSHFLDOO\ WKRVH WKDW WUDYHO ORQJ
GLVWDQFHV ULVN QRW ILQGLQJ D VXLWDEOH KDELWDW DQG
PD\IDFHDQLQFUHDVHGSUREDELOLW\RISUHGDWLRQ
&RPSDUHG WR IHPDOHV PDOHV GHYRWH IHZ UHVRXUFHV
WR JDPHWHV ,W PLJKW EH WKRXJKW WKHUHIRUH WKDW
DOORFDWLRQ RI UHVRXUFHV WRZDUGV WKH GHYHORSPHQW
DQG PDLQWHQDQFH RI IOLJKW DSSDUDWXV LQ PDOHV PD\
QRW UHVXOW LQ ODUJH UHSURGXFWLYH FRVWV +RZHYHU
PDQ\ VWXGLHV KDYH VKRZQ WKDW ZLQJHG PDOHV
H[KLELW WKH VDPH ILWQHVV WUDGHRIIV DV WKHLU IHPDOH
ZLQJHG FRXQWHUSDUWV ,Q SODQWKRSSHUV ZLQJOHVV
PDOHV DUH PRUH DJJUHVVLYH WKDQ ZLQJHG PDOHV LQ
PDOHPDOH LQWHUDFWLRQV GHYHORS PRUH TXLFNO\
DFTXLUH PDWLQJV PRUH VXFFHVVIXOO\ DQG OLYH ORQJHU
DV DGXOWV 'HQQR DQG 5RGHULFN  ,FKLNDZD
 /DQJHOORWWR HW DO  1RYRWQ\ 
6RFKD  6RFKD DQG =HPHN D 6RFKD DQG
=HPHN E 6LPLODU UHVXOWV ZHUH IRXQG IRU
ZDWHU VWULGHUV EUXFKLG EHHWOHV FKLQFK EXJV
WKULSV DQG ILUHEXJV &UHVSL  )XMLVDNL 
.DLWDOD DQG 'LQJOH  8WLGD 
)XUWKHUPRUH IHPDOHV SUHIHUHQWLDOO\ PDWHG ZLWK
ZLQJOHVV PDOHV LQ VHYHUDO QDWXUDO SRSXODWLRQV RI
ZDWHU VWULGHUV )DLUEDLUQ DQG 3UH]LRVL  ,Q
ILUH EXJV WKH PDWLQJ DGYDQWDJH RI WKH PDOH
PRUSKV LV DJH GHSHQGHQW 6RFKD  7KHVH
PDWLQJ DGYDQWDJHV PD\ UHVXOW IURP UHGXFHG
GHYHORSPHQW RI IOLJKW PXVFXOWDWXUH UDWKHU WKDQ
IURP ZLQJOHVVQHVV per se 6RFKD DQG 6XOD 
=HUDHWDO
,Q FRQWUDVW VWXGLHV RI D VSHFLHV RI SODQWKRSSHU
DQG WZR VSHFLHV RI FULFNHWV KDYH IRXQG QR
VLJQLILFDQW GLIIHUHQFHV EHWZHHQ PDOH ZLQJ IRUP
IRU YDULRXV FRPSRQHQWV RI UHSURGXFWLYH VXFFHVV
+ROWPHLHU DQG =HUD  0LVKLUR HW DO 
5RII DQG )DLUEDLUQ  VXJJHVWHG WKDW ZLQJ
YDULDWLRQ DPRQJ PDOHV PD\ EH DQ DUWLIDFW RI D
JHQHWLF FRUUHODWLRQ EHWZHHQ WKH VH[HV EXW LW
VHHPV XQOLNHO\ WKDW VXFK FRPSOH[ SRO\PRUSKLVPV
ZRXOG EH PDLQWDLQHG LQ PDOHV LI WKH\ HQJHQGHUHG
QR GLUHFW ILWQHVV DGYDQWDJH 2QH SRWHQWLDO
SUREOHP LV WKDW HYHQ LI UHSURGXFWLYH FRVWV H[LVW LQ
WKH QDWXUDO HQYLURQPHQW WKH\ PD\ EH PDVNHG LQ
ODERUDWRU\ H[SHULPHQWV =HUD DQG 'HQQR 
K\SRWKHVL]H WKDW WKH GLIIHUHQWLDO DELOLW\ RI PDOH
PRUSKV WR ORFDWH RU DWWUDFW D IHPDOH PD\ QRW EH
HYLGHQWLQFRQILQHGODERUDWRU\VHWWLQJV
$SKLGV GLVSOD\ GUDPDWLF ZLQJ GLPRUSKLVPV
:KLOH LQ PRVW LQVHFW WD[D WKH ZLQJ SRO\PRUSKLVP
FRQVLVWV RI GLIIHUHQFHV LQ ZLQJ VL]H RU WKH H[WHQW RI
WKRUDFLF PXVFXODWXUH LQ DSKLGV RQH PRUSK KDV
IXOO IOLJKW FDSDFLW\ DQG WKH DOWHUQDWLYH PRUSK LV
ZLQJOHVV +DUULVRQ  ,Q WKH SDUWKHQRJHQLF
IHPDOH SHD DSKLG Acyrthosiphon pisum +DUULV
+HPLSWHUD $SKLGLGDH WKH ZLQJ GLPRUSKLVP LV
D SRO\SKHQLVP LQ ZKLFK HQYLURQPHQWDO IDFWRUV
GHWHUPLQH ZKHWKHU ZLQJ GHYHORSPHQW LV LQLWLDWHG
,Q FRQWUDVW WKH ZLQJ GLPRUSKLVP LQ WKH PDOH A.
pisum LV D JHQHWLFDOO\ GHWHUPLQHG SRO\PRUSKLVP
%UDHQGOH HW DO  &DLOODXG HW DO  6PLWK
DQG0DF.D\
7KH DGDSWLYH VLJQLILFDQFH RI DSKLG IHPDOH
SRO\SKHQLVP KDV EHHQ ZHOO GRFXPHQWHG 7KH
ZLQJHG IHPDOHV WDNH ORQJHU WR UHDFK VH[XDO
PDWXULW\ DQG WKH\ SURGXFH VPDOOHU DQG IHZHU
RIIVSULQJ 'L[RQ  2YHUDOO ZLQJOHVV DSKLG
IHPDOHV FDQ KDYH XS WR  JUHDWHU UHSURGXFWLYH
RXWSXW WKDQ ZLQJHG DSKLG IHPDOHV 0OOHU HW DO
 7KH HQYLURQPHQWDO GHWHUPLQDWLRQ RI ZLQJ
IRUP LQ SDUWKHQRJHQLF IHPDOHV DOORZV DSKLG
FRORQLHV WR H[KLELW KLJK IHFXQGLW\ ZKLOH
PDLQWDLQLQJ WKH DELOLW\ WR SURGXFH WKH OHVV IHFXQG
ZLQJHG PRUSKV 0OOHU HW DO  8QGHU
QRUPDO FRQGLWLRQV WKH SDUWKHQRJHQV SURGXFH WKH
ZLQJOHVV Q\PSKV EXW ZKHQ KDELWDWV GHWHULRUDWH
HQYLURQPHQWDO FXHV VWLPXODWH WKH SURGXFWLRQ RI
WKH ZLQJHG PRUSKV +RVW SODQW TXDOLW\ LQFUHDVLQJ
DSKLG GHQVLW\ DQG LQWHUDFWLRQV ZLWK SUHGDWRUV FDQ
DOO LQGXFH ZLQJ SURGXFWLRQ LQ HPEU\RV 0OOHU HW
DO
7KHUH KDYH EHHQ QR UHSRUWV RQ WKH ILWQHVV
WUDGHRIIV LI DQ\ DVVRFLDWHG ZLWK WKH PDOH ZLQJ
GLPRUSKLVP LQ SHD DSKLGV DOWKRXJK WKH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH PDLQWHQDQFH RI WKLV JHQHWLF SRO\PRUSKLVP LQ
QDWXUH VXJJHVWV WKDW WKHUH DUH WUDGHRIIV EHWZHHQ
OLIH KLVWRU\ SDUDPHWHUV 6PLWK DQG 0DF.D\ 
:H H[DPLQHG OLIH KLVWRU\ FKDUDFWHULVWLFV RI WKH
PDOH ZLQJHG DQG ZLQJOHVV SHD DSKLG ,QGLYLGXDO
IHFXQGLW\ LQ WKH DEVHQFH RI FRPSHWLWLRQ ZLWK RWKHU
PDOHV VXUYLYRUVKLS LQGLYLGXDO PDWLQJ DELOLW\ LQ
RQHRQRQH FRPSHWLWLRQV DQG PDWLQJ VXFFHVV
ZHUH PHDVXUHG LQ VPDOO FDJHV ZLWK VHYHUDO
LQGLYLGXDOV RI HDFK PRUSK FRPSHWLQJ RYHU D
ORQJHUSHULRGRIWLPH
Methods and Materials
Rearing conditions
&RORQLHV RI A. pisum ZHUH UHDUHG RQ DOIDOID
Medicago sativa 6H[XDO PRUSKV ZHUH REWDLQHG
E\ H[SRVLQJ DVH[XDO IHPDOHV WR ³DXWXPQDO´
FRQGLWLRQV  /'  & 7KLUG DQG IRXUWK
LQVWDU DSKLGV ZHUH LVRODWHG LQ 3HWUL GLVKHV  [
PP )DOFRQ FRQWDLQLQJ RQH OHDI RI PRRQ
WUHIRLO Medicago arborea, UHSODFHG ZKHQ
QHFHVVDU\ LQVHUWHG LQWR PO RI  DJDU
FRQWDLQLQJ J/ SODQW IHUWLOL]HU 0LUDFOH *UR
ZZZPLUDFOHJURFRP 7KHVH DUH KHQFHIRUWK
UHIHUUHG WR DV ³Medicago SODWHV´ 1HZO\ PROWHG
DGXOWV ZHUH DOORZHG WR PDWXUH IRU WZHQW\IRXU WR
IRUW\HLJKW KRXUV DW ZKLFK SRLQW WKHVH YLUJLQV
ZHUHXVHGIRUH[SHULPHQWV
Lifetime fecundity experiments
/LIHWLPH PDOH IHFXQGLW\ ZDV HVWLPDWHG IRU ERWK
ZLQJHG DQG ZLQJOHVV PDOHV E\ SURYLGLQJ
LQGLYLGXDO PDOHV ZLWK D FRQVWDQW VXSSO\ RI
IHPDOHV  WR  KRXU ROG YLUJLQ DGXOW PDOHV ZHUH
LVRODWHG ZLWK IRXU YLUJLQ IHPDOHV LQ D Medicago
SODWH (YHU\  KRXUV WKHVH IRXU IHPDOHV ZHUH
UHSODFHG E\ IRXU QHZ YLUJLQ IHPDOHV 7KLV SURFHVV
ZDV UHSHDWHG XQWLO WKH PDOH GLHG 7KH PDOH
JHQLWDOLD ZHUH GXVWHG ZLWK D SLQN SRZGHU ZKLFK
DOORZHG XV WR GHWHUPLQH ZKHWKHU D IHPDOH KDG
EHHQ PDWHG E\ H[DPLQLQJ KHU H[WHUQDO JHQLWDOLD
IRU WKH SUHVHQFH RI WKH SRZGHU ,Q SUHOLPLQDU\
H[SHULPHQWV WKH SRZGHU ZDV WUDQVIHUUHG IURP WKH
PDOH JHQLWDOLD WR WKH IHPDOH GXULQJ DWWHPSWHG
PDWLQJ DQG WKH SRZGHU SHUVLVWHG RQ LQGLYLGXDOV
DIWHU PXOWLSOH PDWLQJV 1XPEHUV RI PDWLQJV SHU
PDOH ZHUH LQFOXGHG LQ WKH DQDO\VLV RQO\ IRU PDOHV
VXUYLYLQJWRWKHHQGRIHDFKVXUYH\SHULRG
)UHTXHQF\ RI PDWLQJ GRHV QRW QHFHVVDULO\ UHIOHFW
UHSURGXFWLYH ILWQHVV HVSHFLDOO\ LI FRSXODWLRQV DUH
QRW DOZD\V VXFFHVVIXO 7KHUHIRUH WKH QXPEHU RI
IHPDOHV WKDW HDFK PDOH IHUWLOL]HG ZDV GHWHUPLQHG
E\ LVRODWLQJ IHPDOHV IURP WKLV H[SHULPHQW XQWLO
WKH\ SURGXFHG HJJV )HUWLOL]HG HJJV WXUQ EODFN  WR
 GD\V DIWHU WKH\ KDYH EHHQ ODLG 0LXUD HW DO

)RU HDFK RI WKH  ZLQJHG DQG  ZLQJOHVV
UHSOLFDWH WULDOV GLIIHUHQFHV LQ VXUYLYRUVKLS
EHWZHHQ WKH ZLQJHG DQG ZLQJOHVV PRUSK ZHUH
DVVHVVHG XVLQJ WKH 0DQQ:KLWQH\ U WHVW 3\NH
DQG 7KRPSVRQ  $JHVSHFLILF IHFXQGLW\ ZDV
FDOFXODWHG ERWK DV WKH DYHUDJH QXPEHU RI IHPDOHV
PDWHG DQG WKH DYHUDJH QXPEHU RI IHPDOHV
IHUWLOL]HG E\ D PDOH DW DJH [ 7KH 0DQQ:KLWQH\ U
7HVW ZDV XVHG WR GHWHUPLQH LI WKHUH ZDV D
GLIIHUHQFH LQ WKH PHDQ GDLO\ PDWLQJ DQG
IHUWLOL]DWLRQ UDWHV EHWZHHQ WKH WZR PRUSKV 6RNDO
DQG 5RKOI  7KH FXPXODWLYH UHSURGXFWLYH
UDWH 5 IRU WKH QXPEHU RI IHPDOHV PDWHG DQG
QXPEHU RI IHPDOHV IHUWLOL]HG ZDV FDOFXODWHG
DFFRUGLQJWRWKHIRUPXOD
ZKHUH [ LV WKH DJH FODVV O[ LV VXUYLYDO UDWH DW D
VSHFLILF DJH FODVV DQG P[ LV WKH DYHUDJH QXPEHU
RI IHPDOHV PDWHG RU IHUWLOL]HG DW D VSHFLILF DJH
FODVV 7KH 0DQQ:KLWQH\ U 7HVW ZDV XVHG WR
GHWHUPLQH LI WKHUH ZDV D GLIIHUHQFH LQ FXPXODWLYH
UHSURGXFWLYH IHFXQGLW\ EHWZHHQ ZLQJHG DQG
ZLQJOHVV PDOHV 6WDWLVWLFDO DQDO\VHV ZHUH
LPSOHPHQWHGZLWK-03
Comparative survivorship of male wing
forms
:KLOH WKH IHFXQGLW\ H[SHULPHQW SURYLGHG DQ
RYHUYLHZ RI SRWHQWLDO WUDGHRIIV EHWZHHQ WKH
PRUSKV WR JDLQ D PRUH GHWDLOHG XQGHUVWDQGLQJ RI
WKH SRWHQWLDO WUDGHRIIV IXUWKHU H[SHULPHQWV ZHUH
GRQH RQ PDOH VXUYLYDO DQG PDWLQJ DELOLW\ LQ D
YDULHW\ RI ODERUDWRU\ FRQGLWLRQV )LUVW WKH
ORQJHYLW\ RI WKH WZR PDOH ZLQJ PRUSKV ZDV
PHDVXUHG LQ WKH SUHVHQFH DQG DEVHQFH RI IRRG ,Q
WKH ILUVW H[SHULPHQW ZLWK IRRG DYDLODEOH PDOHV
 ZLQJHG DQG  ZLQJOHVV ZHUH PDLQWDLQHG
LQGLYLGXDOO\ LQ Medicago SODWHV ,Q WKH VHFRQG
H[SHULPHQW DVVHVVLQJ VXUYLYRUVKLS ZLWKRXW IRRG
PDOHV  ZLQJHG DQG  ZLQJOHVV ZHUH
PDLQWDLQHG LQGLYLGXDOO\ LQ 3HWUL GLVKHV  [
PP ZLWK D PRLVW SLHFH RI ILOWHU SDSHU
6XUYLYRUVKLS FXUYHV ZHUH JHQHUDWHG IRU ERWK ZLQJ
PRUSKV LQ HDFK H[SHULPHQW E\ FDOFXODWLQJ WKH
SURSRUWLRQ RI WKH LQLWLDO FRKRUW VXUYLYLQJ HDFK
GD\ 'LIIHUHQFHV EHWZHHQ VXUYLYRUVKLS FXUYHV
ZHUHDVVHVVHGXVLQJWKH0DQQ:KLWQH\ U WHVW
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 1)HFXQGLW\RIZLQJHGDQGZLQJOHVVPDOHVD7KHDYHUDJHQXPEHURIIHPDOHVPDWHGE\ZLQJOHVVRSHQ
EDUVDQGZLQJHGEODFNEDUVPDOHVRQHYHU\RWKHUGD\RIWKHH[SHULPHQWE7KHDYHUDJHQXPEHURIIHPDOHV
IHUWLOL]HGE\ZLQJHGDQGZLQJOHVVPDOHVF7KHUHODWLRQVKLSEHWZHHQFXPXODWLYHUDWHRIUHSURGXFWLRQO[P[ ZKHUH
P[  DYHUDJHQXPEHURIIHPDOHVIHUWLOL]HGPDOHDQGZLQJPRUSKLQLQGLYLGXDOIHFXQGLW\H[SHULPHQWV(UURUEDUV
DUH6'
Mating success of the male wing morphs
'LUHFW REVHUYDWLRQV RI PDOH PDWLQJ EHKDYLRU ZHUH
PDGH LQ DUHQDV WKDW DOORZHG GLUHFW FRPSHWLWLRQ
EHWZHHQ D ZLQJHG DQG D ZLQJOHVV PDOH IRU PDWLQJ
ZLWK D VLQJOH YLUJLQ IHPDOH DQG LQ FDJHV XVLQJ
VHYHUDOLQGLYLGXDOVRIHDFKPRUSK
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9RO_$UWLFOH Figure 2&RPSDUDWLYHVXUYLYRUVKLSRIZLQJHGDQGZLQJOHVVPDOHVXQGHUGLIIHUHQWFRQGLWLRQVD6XUYLYRUVKLSRI
ZLQJHGEODFNOLQHDQGZLQJOHVVJUH\OLQHPDOHVLQIRRGSUHVHQWFRQGLWLRQVE6XUYLYRUVKLSRIZLQJHGDQG
ZLQJOHVVPDOHVLQVWDUYDWLRQFRQGLWLRQVF6XUYLYRUVKLSRIZLQJHGDQGZLQJOHVVPDOHVLQLQGLYLGXDOIHFXQGLW\
H[SHULPHQWV
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9RO_$UWLFOH One-on-one competition experiments
9LUJLQ PDOHV  WR  KRXUV ROG RI HDFK ZLQJ
PRUSK ZHUH SODFHG ZLWK D VLQJOH YLUJLQ IHPDOH LQ
0HGLFDJR SODWHV 7KLUW\ WULDOV ZHUH PRQLWRUHG
ZLWK D WLPHODSVH YLGHR FDPHUD RQH IUDPH
VHFRQGV XVLQJ WKH 4; FRPSXWHU PLFURVFRSH
,QWHO ZZZLQWHOFRPVXSSRUWLQWHOSOD\T[
LQGH[KWP 0DWLQJ ZDV PRQLWRUHG IRU  KRXUV
9LGHRV RI DOO WULDOV ZHUH DQDO\]HG XVLQJ WKH
VRIWZDUH DSSOLFDWLRQ PL;VFRSH YHUVLRQ 
+DQJVWHIHU  7KH IUHTXHQF\ ZLWK ZKLFK
HDFK LQGLYLGXDO PDWHG DQG WKH WLPH XQWLO PDWLQJ
ZDV GHWHUPLQHG 'LIIHUHQFHV LQ WKH IUHTXHQF\ RI
PDWLQJ EHWZHHQ WKH WZR PDOH PRUSKV ZHUH
DVVHVVHGXVLQJ)LVKHU¶V([DFWWHVW
Cage experiments
7R DVVHVV PDWLQJ VXFFHVV XQGHU PRUH QDWXUDO
FRQGLWLRQV D PDWLQJ H[SHULPHQW ZDV FRQGXFWHG
ZLWKLQ F\OLQGULFDO FDJHV PHDVXULQJ  FP KLJK
DQG  FP LQ GLDPHWHU ,Q HDFK RI VL[ WULDOV WKH
JHQLWDOLD RI WHQ ZLQJHG PDOHV DQG WHQ ZLQJOHVV
PDOHV ZHUH GXVWHG ZLWK D SLQN RU EOXH SRZGHU
GHSHQGLQJ RQ ZLQJ IRUP 7KH FRORU RI WKH G\H ZDV
VZLWFKHG EHWZHHQ PRUSKV IRU KDOI RI WKH WULDOV
7KH PDUNHG LQGLYLGXDOV ZHUH SODFHG LQ D FDJH
FRQWDLQLQJ D VPDOO Medicago sativa SODQW ZLWK
ILIWHHQ IHPDOHV DQG PDLQWDLQHG LQ DQ LQFXEDWRU
 /'  & IRU IRXU GD\V $W WKH HQG RI HDFK
WULDO WKH QXPEHU RI IHPDOHV PDWHG E\ HDFK PRUSK
ZDV GHWHUPLQHG E\ H[DPLQLQJ WKH IHPDOHV IRU G\H
WUDQVIHU 7KH GLIIHUHQFH LQ PDWLQJ VXFFHVV
EHWZHHQ WKH WZR PRUSKV ZDV DVVHVVHG XVLQJ D
:LOFR[RQ VLJQHGUDQNV WHVW 6RNDO DQG 5RKOI

Results
Lifetime fecundity experiments
:KHQ LQGLYLGXDO PDOHV RI HDFK PRUSK ZHUH
LVRODWHG ZLWK JURXSV RI IHPDOHV PDOH PRUSKRORJ\
KDG QR HIIHFW RQ PHDQ GDLO\ PDWLQJ UDWHV )LJXUH
D U    1ZLQJHG    1ZLQJOHVV   
WZRWDLOHG S    RU PHDQ GDLO\ IHUWLOL]DWLRQ
UDWHV )LJXUH E U    WZRWDLOHG S   
7KH ZLQJHG PDOHV KDG D WHQGHQF\ WR GLH HDUOLHU
WKDQ ZLQJOHVV PDOHV LQ WKLV H[SHULPHQW DOWKRXJK
WKLV GLIIHUHQFH ZDV QRW VLJQLILFDQW )LJXUH F U  
 1ZLQJHG    1ZLQJOHVV    WZRWDLOHG S  
 7KH FXPXODWLYH UHSURGXFWLYH UDWH IRU
ZLQJOHVV PDOHV ZDV KLJKHU WKDQ WKDW IRU ZLQJHG
PDOHV DOWKRXJK WKLV UHVXOW ZDV PDUJLQDOO\
VLJQLILFDQW RQO\ IRU IHUWLOL]DWLRQ UDWH )LJXUH F
U FDOFXODWLRQ EDVHG RQ PDWLQJ UDWH U    S  
 FDOFXODWLRQ EDVHG RQ IHUWLOL]DWLRQ UDWH U  
S 
Comparative survivorship of male wing
forms
:LQJHG PDOHV VXUYLYHG ORQJHU WKDQ XQZLQJHG
PDOHV LQ WKH SUHVHQFH RI IRRG )LJXUH D U  
 1ZLQJHG    1 ZLQJOHVV    WZRWDLOHG S 
 %RWK ZLQJHG DQG ZLQJOHVV PDOHV GLHG PRUH
TXLFNO\ LQ WKH DEVHQFH RI IRRG WKDQ LQ WKH
SUHVHQFH RI IRRG FRPSDUH )LJXUHV D DQG E
ZLQJHG PDOHV U    1IHG    1 VWDUYHG   
WZRWDLOHG S   ZLQJOHVV PDOHV U   
1IHG    1VWDUYHG    WZRWDLOHG S   
DQG WKHUH ZDV QR VLJQLILFDQW GLIIHUHQFH LQ VXUYLYDO
UDWHV EHWZHHQ WKH WZR PRUSKV ZKHQ VWDUYHG
)LJXUH E U    1ZLQJHG    1ZLQJOHVV  
WZRWDLOHGS 
)HG ZLQJHG PDOHV )LJXUH D VXUYLYHG
VLJQLILFDQWO\ ORQJHU WKDQ IHG ZLQJHG PDOHV WKDW
KDG DFFHVV WR YLUJLQ IHPDOHV )LJXUH F U  
 1ZLQJHG    1 ZLQJOHVV    WZRWDLOHG S 
 )HG ZLQJOHVV PDOHV )LJXUH D GLVSOD\HG
D WUHQG WRZDUG VXUYLYLQJ ORQJHU WKDQ IHG ZLQJOHVV
PDOHV ZLWK DFFHVV WR YLUJLQ IHPDOHV )LJXUH F
EXW WKLV GLIIHUHQFH ZDV QRW VLJQLILFDQW U   
1ZLQJHG  1ZLQJOHVV  WZRWDLOHGS 
Mating success of the male wing morphs
One-on-one competition experiments
7KH ZLQJHG PRUSK ZDV PRUH VXFFHVVIXO WKDQ WKH
ZLQJOHVV PRUSK LQ SURFXULQJ PDWLQJV LQ DQ
LQGLYLGXDO ULYDO VHWWLQJ ,Q  PDWLQJ WULDOV RI 
KUV HDFK FRSXODWLRQV ZHUH SHUIRUPHG E\ QLQH
ZLQJHG PDOHV DQG E\ RQH ZLQJOHVV PDOH )LVFKHU¶V
([DFW WHVW S    ,Q WZR WULDOV WKH ZLQJHG
PDOH PDWHG PXOWLSOH WLPHV ZLWK WKH VDPH IHPDOH
$UULYDO WLPH WR WKH IHPDOH YDULHG ZLGHO\ )RU WKH
ZLQJHG PDOH WLPH WR FRSXODWLRQ UDQJHG IURP  WR
 PLQ ZLWK D PHGLDQ DUULYDO WLPH RI  PLQ
7LPH WR FRSXODWLRQ IRU WKH ZLQJOHVV PDOH ZDV 
PLQ
Cage experiments
,Q WKH IRXUGD\ FDJH H[SHULPHQWV ZLWK VHYHUDO
LQGLYLGXDOV RI HDFK PDOH PRUSK VRPH IHPDOHV
ZHUH PDWHG E\ ERWK PRUSKV VRPH IHPDOHV ZHUH
PDWHG E\ RQO\ RQH RI WKH PDOH PRUSKV DQG RWKHU
IHPDOHV ZHUH PDWHG E\ QHLWKHU PRUSK 7KHUH ZDV
QR GLIIHUHQFH LQ PDWLQJ VXFFHVV EHWZHHQ WKH WZR
PRUSKV :LOFR[RQ VLJQHGUDQN WHVW S  7DEOH
 $SKLG PRUWDOLW\ LQ WKHVH WULDOV DYHUDJHG RYHU
 IRU ERWK ZLQJHG DQG ZLQJOHVV PDOHV ,Q WKH
IRXU WULDOV ZKHUH PDOH PRUWDOLW\ GDWD ZDV
FROOHFWHG ZH IRXQG QR VLJQLILFDQW GLIIHUHQFH LQ
PRUSK VXUYLYDO :LOFR[RQ VLJQHGUDQN WHVW S
 7DEOH
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Discussion
0RVW VWXGLHV RI WKH ILWQHVV WUDGHRIIV RI PDOH ZLQJ
GLPRUSKLVP KDYH GHPRQVWUDWHG D FOHDU IHFXQGLW\
DGYDQWDJH WR ZLQJOHVVQHVV &UHVSL 
+ROWPHLHU DQG =HUD  .DLWDOD DQG 'LQJOH
 /DQJHOORWWR HW DO  1RYRWQ\ 
6RFKD  6RFKD DQG =HPHN D 6RFKD DQG
=HPHN E 8WLGD  :H IRXQG PRUH
FRPSOLFDWHG WUDGHRIIV DVVRFLDWHG ZLWK WKH ZLQJ
SRO\PRUSKLVPLQWKHPDOHSHDDSKLG
:LQJHG PDOHV REWDLQHG  RXW RI  REVHUYHG
PDWLQJV ZKHQ FRQILQHG LQ D VHWWLQJ ZLWK
RQHRQRQH FRPSHWLWLRQ EHWZHHQ WKH WZR PRUSKV
7KLV LV LQ FRQWUDVW WR DOO RWKHU VWXGLHV ZKLFK KDYH
UHSRUWHG WKDW IOLJKWOHVV PDOHV DUH PRUH DJJUHVVLYH
LQ ULYDO VLWXDWLRQV /DQJHOORWWR HW DO 
1RYRWQ\  ,W LV XQFOHDU ZK\ ZLQJHG PDOHV
ZHUH PRUH VXFFHVVIXO LQ ULYDO RQHRQRQH
FRPSHWLWLRQ 3RVVLEOH H[SODQDWLRQV LQFOXGH
GLIIHUHQFHV LQ PDWH VHQVLQJ DQG GHWHFWLRQ PDOH
DWWUDFWLYHQHVV WR WKH IHPDOH RU WLPH WR VH[XDO
PDWXUDWLRQ =HUD DQG 'HQQR  9DULDWLRQ LQ
WLPH XQWLO PDWLQJ IRU WKH ZLQJHG PDOHV ZDV ODUJH
 6'    PLQ VXJJHVWLQJ WKDW PDWH VHQVLQJ
DELOLW\ GRHV QRW SOD\ D UROH LQ PDWLQJ VXFFHVV %XW
EHFDXVH ZH REVHUYHG RQO\ RQH PDWLQJ RI D
ZLQJOHVV PDOH ZH FRXOG QRW DFFXUDWHO\ FRPSDUH
DYHUDJH WLPH WR DUULYDO IRU HDFK PRUSK 7KH
LQGLYLGXDO IHFXQGLW\ H[SHULPHQWV VKRZ WKDW WKH
HDUOLHVW PDWLQJ DQG IHUWLOL]DWLRQ UDWHV IRU WKH WZR
ZLQJ PRUSKV DUH QRW VLJQLILFDQWO\ GLIIHUHQW
)LJXUH D DQG E VR LW LV XQOLNHO\ WKDW DGXOW
ZLQJHG PDOHV UHDFK VH[XDO PDWXULW\ EHIRUH DGXOW
ZLQJOHVV PDOHV ,Q DGGLWLRQ DOWKRXJK
SUHFRSXODWRU\ IHPDOH JXDUGLQJ KDV EHHQ
GHVFULEHG LQ VHYHUDO RWKHU DSKLG VSHFLHV )RVWHU
DQG %HQWRQ  QR RYHUW PDOH JXDUGLQJ ZDV
REVHUYHG VXFK DV SHUFKLQJ RQ WKH GRUVXP RI WKH
IHPDOH IRU H[WHQGHG SHULRGV RI WLPH 7KH
SRVVLELOLW\ WKDW WKH ZLQJHG PDOHV SHUIRUPHG PRUH
VXEWOHIRUPVRIJXDUGLQJFDQQRWEHH[FOXGHG
7KH VLPSOHVW H[SODQDWLRQ IRU WKH ZLQJHG PDOH¶V
DGYDQWDJH LQ ULYDO PDWLQJ VLWXDWLRQV LV WKDW WKLV
PRUSK LV PRUH DFWLYH WKDQ WKH ZLQJOHVV PDOH
:KLOH WKH ZLQJHG PDOH PRYHG RIWHQ LW ZDV QRW
XQXVXDO IRU WKH ZLQJOHVV PDOH WR UHPDLQ
VWDWLRQDU\ GXULQJ WKH HQWLUH WULDO RI  KRXUV 7KH
KHLJKWHQHG DFWLYLW\ RI WKH ZLQJHG PDOHV PD\ EH D
VLGHHIIHFWRIDPLJUDWRU\WHQGHQF\
7KH FOHDU PDWLQJ DGYDQWDJH RI WKH ZLQJHG PDOHV
ZDV ORVW LQ WKH VHFRQG DVVD\ RI UHSURGXFWLYH
ILWQHVV LQ WKH FDJH H[SHULPHQWV $OWKRXJK WKHUH
VHHPHG WR EH D VOLJKW WHQGHQF\ IRU WKH ZLQJHG
PDOHV WR PDWH PRUH IUHTXHQWO\ WKDQ WKHLU ZLQJOHVV
FRXQWHUSDUWV LQ WKHVH FRPSHWLWLRQ H[SHULPHQWV
7DEOH  WKLV GLIIHUHQFH ZDV QRW VWDWLVWLFDOO\
VLJQLILFDQW ([DPLQLQJ WKH GLIIHUHQFHV EHWZHHQ
WKH ULYDO RQHRQRQH H[SHULPHQWV DQG WKH FDJH
H[SHULPHQWV PD\ KHOS HOXFLGDWH WKH PHFKDQLVPV
WKDW XQGHUOLH GLIIHUHQWLDO PDWLQJ VXFFHVV EDVHG RQ
ZLQJ IRUP )RU H[DPSOH WKH HIIHFW RI PDWH
VHQVLQJ DELOLW\ PD\ EH UHGXFHG LQ WKH FDJH
H[SHULPHQW GXH WR WKH ORQJHU H[SHULPHQWDO
GXUDWLRQ DQG PRUH FRPSOH[ SODQW DUFKLWHFWXUH ,Q
ORQJHU WULDOV WLPH WR PDWLQJ PD\ EH LUUHOHYDQW
HVSHFLDOO\ LI PDOHV GR QRW PDWH SUHIHUHQWLDOO\ ZLWK
YLUJLQV 'LIIHUHQWLDO VXUYLYDO RI WKH WZR PRUSKV
PD\ KDYH DOVR DIIHFWHG PDWLQJ VXFFHVV LQ WKH FDJH
H[SHULPHQWV $YHUDJH PDOH PRUWDOLW\ GXULQJ WKHVH
H[SHULPHQWV ZDV RYHU  VXJJHVWLQJ WKDW PDOH
VXUYLYRUVKLS FRXOG KDYH KDG DQ HIIHFW RQ WKH
QXPEHU RI IHPDOHV PDWHG $OWKRXJK WKH ILQDO
DVVHVVPHQW RI PDOH PRUWDOLW\ IURP WKLV
H[SHULPHQW ZDV QRW VLJQLILFDQWO\ FRUUHODWHG ZLWK
ZLQJ PRUSK 7DEOH  RQH PRUSK PD\ KDYH
FRQVLVWHQWO\ GLHG HDUOLHU GXULQJ WKH IRXU GD\
H[SHULPHQWDO SHULRG 7KLV ZRXOG VNHZ WKH ILQDO
HYDOXDWLRQRIPDWLQJVXFFHVV
7KLV ODVW SRVVLELOLW\ VHHPV OLNHO\ VLQFH WKH UHVXOWV
IURP WKH RWKHU H[SHULPHQWV LQGLFDWH WKDW
VXUYLYRUVKLS LV DVVRFLDWHG ZLWK ZLQJ IRUP :KHQ
IRRG ZDV SUHVHQW ZLQJHG PDOHV VXUYLYHG
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9RO_$UWLFOH VLJQLILFDQWO\ ORQJHU WKDQ ZLQJOHVV PDOHV )LJXUH
D 8QGHU VWDUYDWLRQ FRQGLWLRQV ERWK PRUSKV
GLHG DW DSSUR[LPDWHO\ WKH VDPH UDWH )LJ E
5HSURGXFWLYH DFWLYLW\ GUDPDWLFDOO\ UHGXFHG WKH
VXUYLYRUVKLS RI ERWK PDOH PRUSKV 7KH PHDQ
OLIHVSDQ RI PDOHV LQ LQGLYLGXDO IHFXQGLW\
H[SHULPHQWV )LJXUH F ZDV DOPRVW DV VKRUW DV
PDOH OLIHVSDQ DVVHVVHG LQ VWDUYDWLRQ FRQGLWLRQV
7KHUH ZDV D WHQGHQF\ IRU WKH ZLQJOHVV DSKLGV WR
RXWOLYH WKH ZLQJHG DSKLGV GXULQJ UHSURGXFWLYH
DFWLYLW\ %HFDXVH VDPSOH VL]H IRU WKH LQGLYLGXDO
IHFXQGLW\ H[SHULPHQWV ZDV VPDOO HVSHFLDOO\ QHDU
WKH HQG RI WKH VXUYLYDO FXUYH WKLV WUHQG ZDV QRW
VLJQLILFDQW
7KH WHQGHQF\ IRU WKH ZLQJHG PDOHV WR GLH VRRQHU
ZKHQ VH[XDOO\ DFWLYH KDG D VLJQLILFDQW HIIHFW RQ
WKH QHW UHSURGXFWLYH UDWH ,Q WKH DEVHQFH RI
FRPSHWLWLRQ ZLQJOHVV PDOHV KDG VLJQLILFDQWO\
KLJKHU QHW UHSURGXFWLYH RXWSXW WKDQ ZLQJHG PDOHV
)LJXUH F %RWK ZLQJHG DQG ZLQJOHVV PDOHV
VKRZHG QR HYLGHQFH IRU D GHFOLQH LQ IHUWLOL]DWLRQ
VXFFHVV ZLWK WLPH )LJXUHV D E 7KHUH LV
WKHUHIRUH QR HYLGHQFH IURP WKHVH H[SHULPHQWV
WKDWPDOHVDUHVSHUPOLPLWHG
,W LV QRW FOHDU ZKHWKHU WKH VXEWOH GLIIHUHQFHV ZH
REVHUYHG LQ WKH PDWLQJ DELOLW\ RI ZLQJHG DQG
ZLQJOHVV PDOHV ZHUH DVVRFLDWHG ZLWK WKH LQWULQVLF
FRVWV RI IOLJKW DSSDUDWXV PDLQWHQDQFH 6RPH
VWXGLHV RI ZLQJ SRO\PRUSKLVP LQ PDOH LQVHFWV
SURYLGH HYLGHQFH WKDW IOLJKW FDSDFLW\ LQ PDOHV
LQFOXGLQJ SURGXFWLRQ DQG PDLQWHQDQFH RI IOLJKW
PXVFXODWXUH 6RFKD DQG 6XOD  KDV WKH VDPH
HIIHFW RQ UHSURGXFWLYH VXFFHVV DV LW GRHV LQ
IHPDOHV +RZHYHU WKH VOLJKW GLIIHUHQFHV LQ
UHSURGXFWLYH ILWQHVV WKDW ZDV PHDVXUHG LQ ZLQJHG
DQG ZLQJOHVV SHD DSKLGV GLG QRW DSSHDU WR EH
GLUHFWO\ UHODWHG WR WKH SK\VLRORJLFDO GLVWULEXWLRQ RI
UHVRXUFHV )RU H[DPSOH ZKHQ ERWK ZLQJHG DQG
ZLQJOHVV PDOHV ZHUH GLVVHFWHG QR REYLRXV
GLIIHUHQFHV LQ WKH VL]H RU VWUXFWXUH RI WKH WHVWHV
ZHUH REVHUYHG XQSXEOLVKHG GDWD 2XU
H[SHULPHQWV DGGUHVVHG RQO\ HYHQWV WKDW RFFXUUHG
ZKHQ PDOHV DQG IHPDOHV ZHUH DOUHDG\ LQ WKH VDPH
ORFDWLRQ 8QGHU WKHVH FLUFXPVWDQFHV QHLWKHU
PRUSK DSSHDUHG WR KDYH D FOHDU DGYDQWDJH
+RZHYHU ZLQJHG PDOHV SUHVXPDEO\ HQFRXQWHU
LQFUHDVHG ULVN RI QRW ILQGLQJ D PDWH ZKHQ WKH\ IO\
7KHUH PXVW WKHUHIRUH EH D FRXQWHUYDLOLQJ
DGYDQWDJH IRU WKH ZLQJHG IRUP ,W LV SRVVLEOH WKDW
WKH DGYDQWDJHV RI SURGXFLQJ ZLQJHG PRUSKV
DFFUXHIURPWKHEHQHILWVRIRXWEUHHGLQJ
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